Introduction
Chlorine disinfection of drinking water has been one of the most successful interventions this century in the prevention of waterborne illness. In the United
States, chlorine remains the most common disinfectant and is added to approximately 75% of the nation's drinking water.
Concern arose during the 1970s regarding the potential health hazard of chlorination by-products present in many finished municipal water supplies.2 These by-products include volatile organic compounds, such as the trihalomethanes formed by the reaction of chlorine with organic acid precursors present in raw water. [3] [4] [5] Rodent feeding studies have shown liver, kidney, and intestinal tumorigenesis with chronic ingestion of trihalomethanes.6'7 Studies in humans have also suggested that chlorination by-products may be associated with elevated risk of cancer, particularly cancers of the bladder and colorectum.821 As summarized in a recent meta-analysis by Morris et license list completed and returned a mail survey including information on medical history, anthropometric data, and information concerning diet and risk factors for cancer. Cohort members were followed for cancer incidence through computer linkage of participant identifiers with the State Health Registry of Iowa, part of the National Cancer Institute's Surveillance, Epidemiology, and End Results Program.
Drinking Water and Cancer
Follow-up for total mortality was achieved through linkage to the National Death Index and through mailed questionnaires in 1987, 1989, and 1992 . On the basis of our follow-up surveys, it is estimated that the out-migration rate among cohort members is less than 1% annually. The site and morphology of cancer were coded according to the first edition of the International Classification of Diseases for Oncology. Through December 31, 1993, after 8 years of follow-up, 3567 cohort members had developed at least one new primary cancer.
Exposure Assessment
The source of drinking water for each cohort member was determined in the second follow-up mail survey conducted in 1989. All cohort members were asked to respond to two questions relating to drinking water: (1) "What is your main source of drinking water at home?" and (2) "How long have you been drinking the type of water you indicated above?" The types of drinking water included in the questionnaire were municipal water, private well water, bottled water purchased from a store or dealer, and other. Length categories were 0 through 10 years, 11 through 20 years, and greater than 20 years. A total of 36 127 cohort members completed the second survey. Of the 5710 (13.6%) nonrespondents, 908 had died before initiation of the survey. Among respondents, 27 339 women reported drinking municipal water, 6618 reported drinking private well water at home, and 2170 reported drinking water from a bottle or other "unknown" sources. Analyses were limited to those who reported drinking municipal or private well water for more than the past 10 years (n = 28 237). The sample size was too small for a meaningful analysis of bottle water users (n = 764, accounting for 2.1 % of total respondents).
We These two databases on trihalomethane levels were linked to Iowa Women's Health Study participants by community name in order to quantify exposure levels to chlorination by-products. All women who lived in the same community and reported drinking municipal water were assigned the same exposure level of trihalomethanes. The data from the 1986/87 water survey were used for the primary analyses presented here, since this survey covered more communities than did the 1979 survey.
Cohort members who failed to link by city with either the historical data or the water survey data were excluded from that particular analysis. Women who reported a change in city residence between 1986 and 1989 (n = 502) were excluded from all analyses, along with premenopausal women (n = 403) and women who reported a prior diagnosis of cancer (other than skin cancer) at baseline (n = 2516).
Data Analysis
The Note. Subjects were classified into low or high exposure groups according to the median distribution of total at-risk cohort members according to data from the 1979 and 1986/87 surveys. The median levels of chloroform were 1.1 parts per billion in the 1979 survey and 3 pg/L in the 1986/87 survey. Relative risks were adjusted for the same covariates included in the site-specific analyses found in Tables 2 and 4 ; women without data available from the 1979 water survey were also excluded.
trihalomethanes in rodents are similar to those observed in human colorectal cancers. 46 All pathways of trihalomethane metabolism in animals lead to reactive intermediates that potentially interact with DNA. However, the carcinogenicity of trihalomethanes appears to be correlated with the production of recurrent cytotoxicity related to their metabolic activation by various cytochrome P450 isozymes.46 '47 Finally, some limitations of this study need to be considered when interpreting the results. The residential history of study participants prior to the baseline questionnaire in 1986 was unavailable. Some misclassification of exposure may have occurred, since the exposure status for study participants was determined via their residence in 1986. Between 1986 and 1989, however, only 1.8% of cohort members indicated a change of residence. Together with previous estimates of the out-migration rate, this indicates that the exposure misclassification error due to lack of data on residential history for this cohort of older women is likely to be small. Because individual exposure status was defined only by past residence, misclassification of exposure could have occurred if a substantial number of cohort members lived in one community but used water from another community (e.g., workplace) as their main drinking water source. This is unlikely in our study, since our cohort members were all more than 55 years of age at baseline, and a majority of them were retirees, homemakers, or farmers. A second limitation is the lack of data on specific water consumption amounts for study participants. This prevented us from further quantifying intake levels of chlorination by-products by taking into consideration the variation in water consumption habits of individual cohort members. Random exposure misclassification in either of these instances, however, is likely to attenuate the estimated risk of disease.48'49 Finally, this study was conducted only among women. It is unlikely, however, that the fundamental biology in colon carcinogenesis would be different for men than for women.
Conclusions
We found that women who resided in communities with surface water sources or drinking water with higher levels of chloroform were at significantly increased risk for cancer, particularly colon cancer. These findings are consistent with some, although not all, previous epidemiologic and animal studies and suggest that prolonged exposure to chlorination byproducts in drinking water may be associated with an increased risk of cancer in humans. El
